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Abstract 
Lipid accumulation in potential C. vulgaris could be induced by controlling nitrogen concentration in optimum 
level. In this study, C. vulgaris and S. platensis were cultured in BG-11 medium in flat plate photobioreactor to 
assess biomass and lipid productivity. Colony composition 3 : 2 (40 %wt S. platensis) gives highest lipid yield   
(6.72 %) in continuous illumination 3 000 lx compare to control sample (5.13 %). This confirms that the existence 
of cyanobacteria induces lipid accumulation in C. vulgaris. Further study is needed to understand better biosynthesis 
in colony. 
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Nomenclature 
OD optical density                    h hour 
μ growth rate                         lx lux = 1 lm · m2 
X dry weight cell                   %wt % weight 
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1. Introduction 
Method fossil based energy reserve is currently at the verge of crisis [1]. As countries face significant growth of 
population, they need renewable energy as strategy to cope with increasing demand. Many alternatives are proposed, 
specifically is algae based energy reserves. Algae is well known for its rapid growth and fast production, reaching 7 
up to 31 times of crude palm oil in same amount of space and time [2,3], with higher emission saving. Its cultivation 
also does not heat up the controversial debate regarding food versus energy war. Chlorella sp. especially is 
prominent among other algae due to their abundance in nature, thus it is easier to adapt in wider scale, high lipid 
content (reaching 35 % to 40 % lipid content) [3,4], and quality of lipid (higher saturated lipid content comparing to 
Neochlorosis oleoabundans; [5]). Looking at these advantages, there is clear incentive to stimulate plant scale 
production of microalgal cultivation in order to solve current global problem. 
In using algae as energy source, lipid content becomes vital component since it is the main raw material that is 
turned into biodiesel through chemical reaction such as trans-esterification or hydrocracking. Its accumulation 
determines quantity yielded each batch, thus it is within our interest to increase the amount of lipid content. Current 
study shows that lipid accumulation increases along with nitrogen deficiency, yet its cell growth is significantly 
inhibited [4,6]. Increasing nitrogen content, on the other hand makes development on plant scale algae cultivation 
based on bio-waste and commercial fertilizer medium not commercially accessible since it would only increase cell 
growth but not add lipid quantity in total. Thus, cultivating microalgae in commercial fertilizer medium or bio-waste 
requires us to have a controller to ensure nitrogen concentration on the optimum level. 
Cyanobacteria are proposed in this experiment due to their ability in fixating nitrogen and to synergize positively 
with green algae [6]. Their ability to fixate both organic and inorganic nitrogen enables them to control 
concentration level not exceeding the ceiling and not falling below the floor set. This is promising to assist in 
ensuring higher lipid yield in microalgae. Although these advantages of cyanobacteria, there is not enough report 
about utilizing cyanobacteria to help the development of biodiesel production by being symbiosis agent in increasing 
the lipid accumulation in microalgae. In this work, it is aimed to suggest more yield of lipid in plant scale level of 
biodiesel synthesis based on microalgae. To our knowledge, this is the unique report about preliminary study on 
influential parameters in symbiosis of well-known cyanobacteria S. platensis and C. vulgaris in BG-11 medium. 
2. Method 
2.1. Pre culture conditions of C. vulgaris and S. Platensis 
C. vulgaris and S. platensis were used in the study, as provided by Universitas Indonesia, Chemical Engineering 
Laboratories from the current culture collection. The algae were cultured in 6 L flat plate reactor (0.4 m × 0.25 m × 
0.1 m) [4] with bubble purging through cylindrical modified pipe in constant temperature (29 ºC) and ambient 
pressure (1 atm) containing 600 ml of BG-11 fermentation medium. Concentration of nutrients in the media are 
NaNO3(17.65 mM), KH2PO4 (0.18 mM), MgSO4.7H2O (0.30 mM), CaCl2.2H2O (0.25 mM), citric acid (0.029 mM), 
ferric ammonium citrate (0.030 mM), titriplex (0.003 mM), Na2CO3 (0.19 mM), H3BO3 (46 μM), CuSO4.5H2O 
(0.17 μM), MnCl2.4H2O (9.2 μM), ZnSO4.7H2O (0.77 μM) and Na2MoO4.2H2O (1.6 μM). Aeration flow rate is 
controlled by gas flow meter (Kofloc) at 5 L · min-1 and 5 % of CO2 concentration. The reactor was incubated under 
continuous illumination 2 000 lx and 3 000 lx from single front face (0.4 m × 0.25 m) for 8 d. The source of 
illumination is six parallel Philip Halogen 20W/12V/50Hz. 
2.2. Lipid accumulation 
Three series of reactor containing both C. vulgaris and Spirulina sp. were prepared on different proportion of 
concentration. The reactors were then observed in constant illumination to get highest lipid quantity, before then the 
proportion used to evaluate lighting intensity. Biomass density was evaluated using spectrophotometer UV-Vis 
(LaboMed Inc.) in 600 nm wavelength for C. vulgaris and 480 nm wavelength for S. platensis. Cells were obtained 
through vortex centrifuge before then disrupted using sonicator and microwave radiation. Lipid was extracted using 
Bligh Dryer method, then measured by mass difference. 
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3. Result and discussion  
Fig. 1 shows growth profile of C. vulgaris and S. platensis on wavelength 480 nm. Analysis of cell density is 
approached using spectrophotometry UV-vis. Optical density (OD) is gained to measure cell density, and is 
converted using calibration curve shown in Fig. 2.  
Length of lag phase of colony shows no significant difference with control sample in hour unit. It shows positive 
possibility of symbiosis with no detected effect on adaptation process. They both share conserved photosynthetic 
electron transfer and phosphorylation mechanisms, though the apparatus and localization is different [7,8]. 
Contrasting to predicted competition, the existence of S. platensis fasten significant log phase. Colony composition 
3 : 2 shows fastest trend with less than 70 h of cultivation, significantly higher compares to control sample that 
doubles in 72 h. Cell reproducibility is presumably enhanced with the existence of S. platensis as it changes the 
nutrient concentration into more organic and ready to be consumed through secretion of metabolic enzyme. 
Cyanobacteria exert nitrate reductase, an enzyme used to convert nitrate ions to more preferable ammonium ion [9]. 
The ammonium ion is then used together to construct mainly chloroplast and other cell apparatus [10,11]. However, 
under lower illumination intensity, the more the amount of cyanobacteria is, the less effective the mechanism works. 
Colony composition 3 : 2 fails to show faster significant growth compares to 3 : 1. It is suggested that 
cyanobacteria’s rate of consumption of nitrogenous ions is prevailing over green microalgae’s, thus confirming the 
ability of cyanobacteria to adjust better in more extreme condition, especially under light deficiency [9,12]. Further 
study is needed to understand better the complex interplay shift in metabolism pathway of the colony.  
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Fig. 1. Profile of cell density versus time under illumination: [A] control C. vulgaris 100 % (%wt), [B] colony C. vulgaris-S. platensis (4 : 1),  
[C] colony C. vulgaris-S. platensis (3 : 1), [D] colony C. vulgaris-S. platensis (2 : 1), [E] colony C. vulgaris-S. platensis (3 : 2) 
 
Light intensity plays significant role in growth promotion of the colony. Previous experiments show S. platensis and 
C. vulgaris have different sensitivity on light [4,13–16]. Comparing to cultivation under light intensity 2 000 lx, 
higher light intensity 3 000 lx presents faster lag phase under higher composed S. platensis within less than 20 
cultivation hours, as shown in Fig. 3. It indicates higher light intensity fasten adaptation process of both colony.   
Fig. 3 also shows under illumination 3 000 lx, growth rate approached using Monod equation [4] of colony 3 : 2 is 
relatively stable, shows consistent rate in comparison of others. This phenomenon might be the result of light 
sensitivity of the colony. Higher light intensity might promote cell growth rapidly due to sufficient provision of 
lights, and metabolic interaction between both strains [4]. Further study, however, is in need to understand more 
metabolic pathways preferred by colony, in comparison of pure cultures. Furthermore, as microalgal photosynthetic 
metabolism tends to increase pH [4], it affects C. vulgaris growth that is well under more acidic condition (pH 6 to 
pH 8) [4,17]. It is shown by Fig. 4 that more S. platensis induces more stable pH, though the difference was 
relatively small. Beside it is suggested that light intensity may play metabolic role in  S. platensis, the main reason 
might be secretion of important enzyme, such as Indol Acetic acid (IAA) from S. platensis that helps C. vulgaris to 
grow better under basic condition, and helps in buffering acidity. Moreover, higher light intensity may also enable 
both algae to compete for nitrogenous compounds, resulting into lower log phase and lower cell density. However, 
further study is suggested to understand biosynthesis process under the influence of light intensity 
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Fig. 2 Calibration curve of OD versus cell mass 
 
 
 
 
 
 
 
 Dianursanti and Albert Santoso /  Energy Procedia  65 ( 2015 )  58 – 66 63
 
 
Fig. 3. Profile of growth rate versus time under illumination: [A] control C. vulgaris 100 % (%wt), [B] colony C. vulgaris-S. platensis (4 : 1),  
[C] colony C. vulgaris-S. platensis (3 : 1), [D] colony C. vulgaris-S. platensis (2 : 1), [E] colony C. vulgaris-S. platensis (3 : 2) 
 
Fig. 5 shows the existence of S. platensis generates higher lipid yield compare to control sample. This confirms the 
hypothesis that existence of cyanobacteria induce higher lipid accumulation due to decrease of consumable nitrogen 
compound [4,12,18]. Colony composition 3 : 2 yields highest lipid content in cultivation under light intensity 3 000 
lx, increasing lipid yield up to 30 % from control sample while under light intensity 2 000 lx, it the colony 3 : 2 
increases lipid yield up to 69.4 %. This phenomenon suggests the effect of S. platensis existence towards lipid yield 
is more significant under illumination 2 000 lx, in comparison of 3 000 lx. Both increments might be the result of 
kept consumable nitrogen compound concentration on optimum level.  Furthermore, this might be the result of 
better performance of cyanobacteria in controlling nitrogenous compound concentration level, provided sufficient 
amount of vital light. This phenomenon also suggests that under stronger light intensity, percentage of S. platensis in 
cell density could be increased to induce higher lipid accumulation. It is important to be noted down that the 
differences between colony 3 : 1, 2 : 1, and 3 : 2 are relatively insignificant, in comparison to control sample. This 
phenomenon suggests that too high percentage of S. platensis may have little effect, if not adverse, on lipid 
accumulation of C. vulgaris. 
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Fig. 4. Profile of pH versus time under illumination: [A] control C. vulgaris 100 % (%wt), [B] colony C. vulgaris-S. platensis (4 : 1),  
[C] colony C. vulgaris-S. platensis (3 : 1), [D] colony C. vulgaris-S. platensis (2 : 1), [E] colony C. vulgaris-S. platensis (3 : 2)  
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Fig. 5. Lipid yield comparison under various composition of colony: [A] control C. vulgaris 100 % (%wt), [B] colony C. vulgaris-S. platensis (4 : 
1), [C] colony C. vulgaris-S. platensis (3 : 1), [D] colony C. vulgaris-S. platensis (2 : 1), [E] colony C. vulgaris-S. platensis (3 : 2) 
 
4. Conclusion 
This study constitutes first report regarding the use of cyanobacteria to increase lipid accumulation in potential 
C. vulgaris. Positive trend of symbiosis in this experiment confirms the hypothesis that cyanobacteria could be used 
to increase lipid accumulation inside C. vulgaris. This study also highlights the complexity in biosynthesis of lipid 
in colony with light sensitivity, an area that requires further investigations. 
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